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By A. Trans 



With the further development of the supercharger, re- 
quirements with regard to measuring accuracy increase' while 
at the same time the conditions under which the measure- 
ments must he carried out "become moro difficult* Tho pres- 
ent paper is a contribution toward the improvement and re- 
finement of the measuring methods. Tor prossuro measure- 
ments somo suggestions are made with rogard to design and 
location of tho measuring stations. Tho question of tom- 
poraturo measurement in rapid air flow is discussed, now 
instruments for tho direct measuromont of tho temperaturo 
in tho rapid air stream are doscribed and tho results ob- 
tained with the various instruments presented* 

The moro nearly the attainable limits aro reached in 
the dovolopment of tho supercharger the higher become tho 
requiromonts that must be satisfied by the measuromont 
procedure. Since tho improvements which can be ohtainod 
by any method and which must bo determined accurately 
naturally become smaller. At tho same time tho conditions 
undor which the measurements must bo carried out become 1 
much loss favorable* as, for example, in pressure and tem- 
perature measurements for which tho rise in tho flow ve- 
locities havo considerably incroasod these difficulties. 

In- the investigation of superchargers it is necessary 
to measure pressures,, temperatures, air quantities, moments, 
and rotational speeds. In a series Of publications on 
measuring procoduro, rules for acceptance tests, etc.; In 
particular the directions- for performance tests on super- 
chargers published by tho vDTL, . tho important viewpoints 
for carrying out these measuromont s and the measuring In- 
struments used are glvon in dotall. 



* "Mos stochnischo Pragen- hel Ladoriintersuchungon. Jahrbuch 
1938 der. doutschen Luf tf ahrtf orschung, pp. II 215-218. 
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By following the ' apecif i r cat lone mbhtlonod above with 
regard to power and air quantity measurements, reliable 
rosults can" he. obtained.'- " "V-ith regard- to prossuro measure- 
ments I should like to emphasize in addition, particularly 
for tho caso of largo £ low volocitios , tho importance of 
very accurato boring and arrangemont of the measuring ori- 
ficos. It is bost to use sovoral smooth orifices of 1 to 
3 mm diameter uniformly distributed. The orific-es are con- 
nected with each other so .that the mean pressure of the 
cross section is measured'. Care should be taken to &ee 
that the pipe at- the position connecting to any orifice is 
smooth insido and has no roughnoss. In pipos of thin 
sheot such roughnoss. oasily arisos through the wolding of 
the short pipe connections. It is therefore better to 
soldor thorn on since ovon small roughnoB30s can lead to 
considorablo moasuring errors. At vory largo flow voloci- 
tios it is rocommendod- that tho measuring orificos of a 
■cross section boforo boing eonnoctod together should be 
individually connected to a manometer and the pressure 
readings comparod at fixod oporating conditions so that 
bad orifices may bo excluded. 

Croat importance also is naturally to be attached to 
tho location of the moasuring cross soction. Curvatures 
of tho pipos in tho neighborhood of the moasuring stations 
which may give riso to rotational motion should absolutoly 
bo avoidod* 

On tho suction side. tho measuring stations should bo 
locatod closo to tho antranco to tho intake pipos. Caro 
should bo taken particularly to maintain a sufficiont dis- 
tance from tho suction side throttle' to the moasuring sec- 
tion since with too small a distance not only tho admission 
to tho impeller becomes unfavorable but tho measurement is 
al30 in orror since there is aprossuro riso behind such a 
throttlo if it is not closed. Figuro 1 chows the pressure 
variation behind a diaphragm* For normal diaphragms a dis- 
tanco from tho moasuring point of at least eight -timos tho 
pipe diamotcr should bo choeon. In this rc'spoct the dross 
typo diaphragms of tho D7L aro particularly, advantageous. 

Vith regard to tho location of 'tho measuring station 
in the pressure pipe the following may be said* It is 
usual to locate this station directly behind the exit from 
the pressure pipe. It is questionable, however, whether 
this gives correct results for the supercharger. 
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Jigure 2 shows schematically a test set-up. As in- 
dicated, the pressure ^variatJLp.n^was measured in the prosr 
sure pipe. Such measurements Were oarriod out with vari- 
ous superchargers and spirals and it was found that in 
all those cases aftor oxit from the spiral into the un~ 
widonod pipo a further- riso in the prosBuro took place. 
Piguro 3 shows, for oiamplo, tho results of such a meas- 
urement carried out with-variouB dischargo rates. This 
prossuro riso is evidently due to the fact that at the 
oxit from tho spiral there is still a vory nonunif orm vo- 
locity distribution so that tho kinotic enorgy of tho air 
at this position is greater than that corresponding to 
tho moan volocity* On equalizing the volocities the kin- 
otio enorgy of motion is thon convertod into pressure. 
In dotormining tho dolivory head thoro is always substi- 
tuted tho kinotic onorgy corresponding to tho mean voloc- 
ity. Actually, howovor, tho large kinotic onorgy contri- 
butions at the exit of the blower exist and should be 
taken into account. 

It appears that it would be more correct to locate 
the pressure measurement station in the pressure pipe 
away from the spiral oxit at the point at which the con- 
version into prossuro is complotod so that at loast tho 
portion of tho kinotic enorgy at tho blowor oxit which is 
actually converted into prossuro onorgy in a straight pipo 
is taken into account. 



II. TEMPEEATTJHE MEASUREMENT 



Through tho simple measurement of tho air temperatures 
at the inlet and outlot of a supercharger tho internal do- 
livery head, that ia, tho power takon up by the supercharg- 
er impollor, and the intornal officioncy aro dotorminod. 
Accurate moasuroment of the temperature is thoreforo of 
groat importance. A disadvantageous circumstance 1b that 
theso temperature measurements must be carriod out in a 
relatively rapid air. stream. 

As is known, tho tomporature X 1 mpasurod with any 
apparatus in a rapid gas flow 1b higher than tho truo 
temperaturo T in tho undisturbed stroam on account of 
the flow rotardation and aurfaoo friction offocts. It 
lies betwoon tho total tomporature &tot of tno alr 
brought to rest and tho true temperaturo I.- To obtain 
T tot and T a correction must be appli'od to the rosults 

obtained with tho measuring instruments thus far employod. 
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The difference li etwe an ..th^e/.-. total and the static tem- 
peratures,. as.suming adiabatic 40m.pr.eBB ion 1b' ■ 1 - 

' ri s ' jjs ■ 

T+ n 4. - T = ^ : r-P-= 

K -r 1 ... 

where the temperature difference is in -°C and the velocity 
C of tho air stream is in m/s.-. Tor , the .tempo raturo indi- 
catod by a moasurlng instrument f wo. can, as la known, sot 



T 1 = T + a 



e 8 



2000 

whoro a is a correction coefficient which is loss than 1* 

For its mercury thermomotcrs . the DVL has found for a 
tho oxporimontal valuo 0.85. Vo havo similarly detorminod 
the corroction coofficicnt for our thormomotor. 

The tost set-up is shown on figure 4. Tho moasur.emonts 
were carried out in the suction pipo and pressure pipe of 
tho suporcharger. Sot-up 1 in tho auction pipo has the ad- 
vantago that T tot can bo directly measured in tho air at 

rost boforo tho inlet to the suction pipe* Thoro is ob- 
tained: 

a „ ! - 322SL (Ttot . Tl) 

The Tolocity C at tho measuring point was dotorminod with 
tho aid of the continuity aquation for which purpose thoro 
was moasurod tho dlschargo and tho prossuro at the measuring 
s tation. 

Vith test sot-up 2 for carrying out tho mcasurom'onts 
in tho prossuro pipe a narrow pipo was used that passod 
OTor into a widor pipo through a diffu3er. Tho tempera- 
tures and prossuros wore moasurod in tho narrow and tho 
wido portions. 

Pigure 5 shows tho valuos obtainod lying at about 
a = 0*5 and thus considerably below that found, by- tho DVL. 
Since tho scattoring was very strong a Tory largo numbor of 
tosts in the suction and prossuro' pipes werb conducted, 
Tho TaluoBron the average, howovor, clustered always about 
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0.5* Vo also injoctod oil and found that tho prosonoe of 
an oil mist in tho air does not affoot the rosult. 

Tho dimensions and shapo of tho thormonetor may "be 
soon from figuro 5. The Bhape of the thermometer is cer- 
tainly of great importance although I "believe the D7L em- 
ployed similar thermometers so that the difference between 
the results obtained is not quite explainable* 

On acaount of tho importance of obtaining a reliable 
temperature moasuroment and on account of the largo number 
of orroneous measurements that froquontly arose and led to 
quito wrong conclusions systematic tests had long since 
been undertaken in order to obtain better rosults possibly 
by Borne other way* 

With the aim of measuring directly tho tomperaturo in *- 
tho rotardod air stroam there was first devolopod the ap- 
paratus shown in figure 6* A thermocouple is built into 
a stroomline body so that tho soldered juncturo lios at the 
flow stagnation point if the direction of the flow is from 
tho left* Tho forward portion of tho streamline body in 
which tho thormocouplo is located is constructed of as good 
heat-insulating matorial as possiblo so that tho results 
might not bo impaired by heat conduction sinco at a small 
distanco from tho stagnation point thero aro alroady rela- 
tively high volocities and honco low tomporaturos. 

Tho results obtained with this apparatus are good* The 
correction coefficient a lies on the average between 0.8 
and 0*9. The reliability of the measurement is not yet sat- 
isfactory, howover, particularly with very turbulent flows* 
In such flows with high cross volocities considerably smaller 
values were somotimos moasured and this may bo ezplainod by 
tho displacement of the stagnation point* 

In ordor to avoid this difficulty tho froe stagnation 
principle was dlscardod and a through-flow apparatus dovol- 
oped in which a portion of the flow is branohed off and 
flows through tho body of -the measuring apparatus* Figure 
7 shows tho fundamontal features of tho instrument. By 
moans of a diffusor tho flow through it is slowod down to 
quito small volocities and tho tomperaturo moasurod at the 
position of minimum velocity* Tho flow is rotardod to such 
an extont that approximately tho total temperature is ob- 
tained* Tho apparatus is relatively insensitive to arose 
flow the offect being only to roduoo tho discharge without 
altering tho principlo in any way, (fig. 7). 
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3Fign.ro 8 shows tho construction of such apparatus* 
Tho ono on tho loft is providod with a thorjaonoter and 
tho ono on tho right with a thornocouplo. Groat irapor- 
tanco must naturally ho attached to good hoat insulation, 
particularly in tho rogion of tho inlet oponing and tho 
diffusor. Tho thermocouple is locatod at the ond of tho 
diffusor at tho stagnation point of a snail body projecting 
toward the diffusor. 

The rosults obtained with tho above apparatus aro 
shown in figuros 9 and 10. Figure 9 gives tho values of 
the correction coofficiont a obtained with tho through- 
flow apparatus with tharnoeotor. Tho values lie at about 
a = 0.9. With the nowor apparatus provided with thormo- 
couplo thoro was ovon neasurod, as shown in figure 10, tho 
accurato tonperaturo ?tot of * no stagnation condition, 
tho correction coofficiont a for this apparatus boing 
equal to 1. 



Translation by S. Eeiss, 
National Advisory Connittoo 
for Aeronautics. 
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Supercharger Engine 
Figure 2.- Test set-up for the 
investigation of a 
supercharger. 
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Figure 3.- Pressure variation in 
the pressure pipe. 
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Jigs. 6,7.8,9,10. 
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Figure 6.- Stagnation 

apparatus for 
temperature measurement . 
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Figure 8.- Through-flow measuring 

apparatus for temperature 
measurement in rapid air stream. 
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Figure 9.- Correction coefficient oi 

for through-flow apparatus 
with thermometer for temperature 
measurement in a rapid air stream. 
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Figure 7.- Through-flow 

apparatus for 
temperature measurement 
in a rapid air stream. 
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